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Learning Objectives 



Upon completion of this presentation participants 
will: 

• Have a better appreciation for when respirators 
should be used in healthcare settings 

• Have a better understanding of the scientific basis 
for how and why respirators work 

• Be able to identify the roles that fit, filtration, and 
compliance contribute to protection 

• Be aware of NIOSH research that seeks to 
encourage development of a "next generation" 
respirator for healthcare personnel (HCP) 
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NIOSH PPT / NPPTL 

Vision & Mission 

The VISION is to be the leading provider of quality, relevant, and timely 
PPT research, training, and evaluation. 

The MISSION of the PPT program is to prevent work-related injury, 
illness and death by advancing the state of knowledge and application 
of personal protective technologies (PPT). 




Why HCP Respiratory Protection is a 

Priority 



• Healthcare is the fastest-growing sector of the U.S. 
economy, employing over 18 million workers 

• HCP are at higher risk of exposure to infectious 
respiratory pathogens than workers in non-healthcare 
settings 

• Preferred methods of reducing exposure (elimination, 
substitution, administrative, and engineering controls) 
are often not possible or practical to implement, 
especially during an emerging outbreak or pandemic 
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When should a respirator be worn? 

• Respirators are often recommended to be used when in 
close contact with patients suspected of having an aerosol 
transmitted disease. Some ^possible examples include: 

- Influenza (Avian strains capable of causing serious disease in humans or 
during certain medical procedures) 

- Varicella disease (chickenpox, disseminated shingles) 

- Measles 

- Monkeypox 

- Severe acute respiratory syndrome (SARS) 

- Smallpox 

- Tuberculosis (TB) 

- *Note: Infection control guidance for specific pathogens can vary by 
jurisdiction and for different medical procedures 
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Infection Control Perspective 



Type 


Facial/Respiratory Personal Protective 

Equipment (PPE) 


Standard 


Surgical mask and googles, or faceshield 
snouio oe worn during activities iiKeiy to 
generate splashes or sprays of blood or 
body fluids 


Contact 


Same as standard 


Droplet 


Surgical mask upon entering the room 


Airborne 


Respiratory protection upon entering the 
room 
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Respiratory Protection in Healthcare 




FFR Basics 



Entire facepiece is composed of the 
filtering medium 

Designed to form tight face seal 

Approximate cost: <~$2 each 

Disposable 
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How Particles 

Filter penetration 
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Get Past Masks 



Face seal leakage 




What does a Filter Look Like? 
How Does it Work? 

FFR filters are 
typically made from 
sheets of nonwoven 
polymer microfibers 

Gaps between the 
fibers allow air to 
move through them 
easily 

Particles in the air 
are trapped when 
they collide with 
one of the fibers 




(a) Media A {* 100) 



(b) Media B (* 100) 




(c) Media C (* 50) 



(d) Media D (* 100) 
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Science of Filtration is Established 
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Filtration mechanisms 
Inertia! impaction 
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PARTICLE DIAMETER , 

Filtration theory says... 

- Size of the particle is important! 

- Type of particle (infectious or inert) is not important! 
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Summary: Filter Efficiency for Facial and 

Respiratory PPE 



Respirator/Mask Type 


Filter Efficiency* (%) 


NIOSH N95 FFR 


98.76 - 99.39 


NIOSH P100 FFR 


99.978 - 99.997 


FDA Surgical Mask 


11.94-98.42 


Unregulated Dust Mask 


12.98-99.00 



Sample sizes: N95 FFR = 5; P100 FFR = 2, Surgical mask = 5, Dust mask = 5; 
* Polydisperse Aerosol with Mass Median Diameter -240 nm (TSI 8130, 85 L/min) 
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Average Filter Efficiency 



N95 FFR 
model 


0.1 |im inert 
bead 


0.1 \im 
H1N1 
intiuenza 


0.8 [lm inert 
bead 


0.8 Mm 
H1N1 
intiuenza 


A 


99.42% 


/N/\ r\f*c\/ 

99.26% 


99.85% 


/N/N /N^O / 

99.27% 


B 


99.88% 


99.52% 


99.90% 


99.13% 


C 


99.17% 


99.43% 


99.72% 


99.93% 


D* 


>99.99% 


>99.99% 


>99.99% 


>99.99% 


E* 


99.64% 


99.84% 


99.94% 


99.23% 



Key finding: equivalent filter efficiency for inert bead and viable H1N1 
influenza aerosols.... "a particle is a particle" 

* N95 FFR with antimicrobial coating; all tests done at 85 l/min flow rate 
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Faceseal Leakage vs. Filter Penetration 
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Leak size was the largest factor 
affecting the number of particles 
inside the FFR in manikin tests 
Minimizing face seal leakage is 
necessary for your protection 
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Proper Donning Practices are 
Important for Minimizing Face Seal 

Leakage 

• In general, higher fit factors (i.e., 
less face seal leakage) and less 
variation were found when 
performing a user seal check 
compared with not performing one 

• User seal check is not a substitute 
for a fit test, but offers some 
benefits for users in a respiratory 
protection program (e.g., fewer 
poor donnings) 
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Workplace Studies 



• FFRs can reliably reduce particle exposures >10- 
fold when used in the context of a complete 
respirator program 

- Includes studies of non-infectious bioaerosols 

• No clinical/field studies in healthcare have met 
criteria for a workplace protection factor study 

- Challenges: lack of exposure limits/infectious dose, exposures 
outside of work, multiple interventions, compliance, detection 
limits 



• Respiratory Protection Effectiveness Clinical Trial 
(ResPECT) 




Compliance is Critical 



If a respirator is not worn 
properly or at all during 
the exposure, it will 
provide little protection 
(if any) 

Compliance needs to be 
> -75% to see a 
significant difference in 
EPF (i.e., exposure 
reduction) for better 
performing respirators 
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T e = Exposure duration, T w = Time Worn, T nw = Time Not 
Worn, WPF = Workplace Protection Factor 
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Issues & Solutions 



Reported Reasons for PPE 
Non-Compliance 



Lack of accountability for 
non-compliance 



Workload issues 



Time constraints 



Risk perception 



Effectiveness concerns 



Availability 



Uncomfortable 



Interference with work tasks 



Inability to communicate 




Some Reported Ways to 
Improve Compliance of PPE 
and Other Interventions 



Improve safety culture 



Better training strategies 



Develop & communicate clear 
recommendations 



Risk communication 



Conduct effectiveness studies 



More accessible / less 
burdensome interventions 



Better PPE 
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Project BREATHE - Better Respiratory 
Equipment using Advanced Technology for 

Healthcare Employees 

• Objective: To improve HCP 
respirator compliance 

• Approach: Encourage the 
development of advanced 
technologies for the next generation 
of HCP respirators that are more 
comfortable and tolerable 

• Partnership: Veterans Health 
Administration (VHA) 




Project BREATHE 



• Respirators should: 

- Perform their intended functions safely 
and effectively (9 requirements identified 
including fit & reusability/fomite concerns) 

- Support, not interfere with, occupational 
activities (5 requirements... speech, 
hearing, etc.) 

- Be comfortable and tolerable for the 
duration of wear (10 requirements... 
breathing resistance, facial pressure, etc.) 

- Comply with current standards and 
guidelines (4 requirements... OSHA, 
NIOSH, FDA) 

• Need a "B95" respirator for HCP 
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21 



Path Forward 



Develop 
clinically- 
validated "B95" 
test methods 


"B95" prototype 
development 


Development of 
a "B95" 
standard 


• Comfort 

• Fit 

• Occupational 
interference 


• Collaborations 
with academia 
and industry 

OIVI 

rs scott 

^^■F ± a e e r y 


• Draft "B95" 
requirements, 
criteria, and 
test methods 
developed 

• Focus on 
comfort & fit 



to 
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Summary & Next Steps 



Agree with 2011 IOM report 

- Important advances have been made in some 
areas (filtration, physiological impact) since 2008, 
but other areas need to be fully addressed (e.g., fit, 
integration, effectiveness of controls on disease 
transmission, etc.) 

Next steps (2014- ) 

- Continuing on-going efforts related to fit (inward 
leakage) and towards a B95 consensus standard 

- Publishing an updated research roadmap ("action 
plan") 

- Expanding program area in improving compliance 
with respirator selection and use practices 



PREVENTING TRANSMISSION OF 
PANDEMIC INFLUENZA AND OTHER 
VIRAL RESPIRATORY DISEASES 



Personal Protective Equipment for 
Healthcare Personnel 



iMSTII^TE Of MEDtC** 
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Quality Partnerships Enhance Worker 

Safety & Health 




Visit Us at: http://wwwxdc.gov/niosh/npptl/ 



Disclaimer: 

The findings and conclusions in this presentation have not been 
formally disseminated by the National Institute for Occupational 
Safety and Health and should not be construed to represent any 
agency determination or policy. 
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